Mycoplasma genitalium is an important, emerging sexually transmitted bacterial pathogen capable of eliciting a wide range of symptomatologies (18, 19, 33) . In men M. genitalium has been identified as a causative agent of nongonococcal, chlamydia-negative urethritis (1, 11, 35, 38) . In women with genitourinary symptoms, M. genitalium was detected by PCR in the cervix and vagina (4, 26). Recently, M. genitalium has been strongly associated with cervicitis, endometritis, salpingitis, pelvic inflammatory disease, and tubal factor infertility by the use of PCR or serological criteria (6, 7, 23, 26) . Furthermore, M. genitalium was detected in rectal (34), respiratory tract (3), and synovial fluid (36) specimens and has been linked to a range of pathologies, such as arthritis, pneumonia, AIDS progression, chronic fatigue, autoimmune disorders, and encephalitis (33, 37, 39) .
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M. genitalium was first isolated in 1981 from two urethral swab specimens of male patients with urethritis (38) , and similarly, four additional M. genitalium strains were obtained in 1996 (20) . Additionally, single colonies of M. genitalium were cloned from two extragenital sites (3, 36) . No other successful cultivations have been reported, nor have any strains been derived from women, until our recent isolations from vaginal and cervical specimens (2) . In the past the absence of sufficient numbers of M. genitalium clinical strains has been a direct result of the highly fastidious nature of this mycoplasma, which possesses the smallest genome of any known self-replicating cell. Thus, meaningful molecular typing of representative clinical isolates has been prevented; but molecular typing would contribute important epidemiological and virulence-related information, like that reported for Mycoplasma pneumoniae (10, 17, 31) . Molecular typing of M. pneumoniae is based upon sequence divergences in the gene encoding cytadhesin P1
(gene p1; locus MPN141 in The Institute for Genomic Research [TIGR] database). We showed that sequence-related regions of the M. pneumoniae p1 gene are located in multiple copies throughout the streamlined genome (10, 32) . The majority of repetitive elements related to p1 appear to lack promoter regions and may serve as a pool for recombination, which could lead to in vivo antigenic variations and/or alterations in tissue tropism (27, 29, 32) . Currently, typing of M. pneumoniae clinical strains is performed by restriction analysis of PCR-amplified regions of the p1 gene (8, 14, 25, 30) .
Immunological criteria have also been useful for the diagnosis of M. genitalium infections and associated pathologies (2) . We observed in infected individuals an immunodominant response against two major antigens: the 140-kDa cytadhesin (P140; also reported as MgPa) and the 110-kDa adherenceaccessory protein (P110) (2, 3, 36) . Both proteins are encoded by adjacent genes (15, 16) that are organized in a single operon with two promoters, which further underlines their structural and functional linkages (24) . Recently, genes encoding P140 and P110 have been reannotated as loci MG191 and MG192, respectively, with the gene designations mgpA and p110, respectively, in the database of TIGR. Although the precise function of the P110 protein has not yet been determined, its presence is required for maintenance of M. genitalium cytadherence capabilities (12, 13). As described earlier by us (9) and others (15, 27, 28) , multiple incomplete copies of locus MG192/p110 are dispersed throughout the M. genitalium chromosome. We identified all homologous regions by downloading MG192/p110 sequence information from the database of TIGR (http://www.tigr.org) and performing a BLAST search (http://www.ncbi.nlm.nih.gov/BLAST/). The actual positions of the repetitive elements within the p110 reading frame as well as their positions in other locations in the genome are presented in Fig. 1 . Noticeable from the BLAST search are the following: (i) only portions of the 5Ј-end (proximal) half of p110 occur as multiple copies, and (ii) while all p110 sequencerelated repetitive elements are randomly located throughout the chromosome, they are always positioned at intergenic re-gions. This information identifies the proximal region of p110, in contrast to the distal region, as a suitable target for homologous recombination and establishment of strain molecular typing criteria. Therefore, we initially compared p110 in M. genitalium reference strain G37, isolated from urethral specimens of men, with that in strain TW10-5, which we isolated from respiratory tract specimens (Table 1) .
Mycoplasma cultures were grown to mid-log phase in SP-4 medium, and cells were harvested and washed with phosphatebuffered saline prior to isolation of genomic DNA by use of an Easy-DNA kit (Invitrogen, Carlsbad, Calif.). Chromosomal DNAs were quantified by determination of the optical density at 260 nm, and 100 ng was used in the amplification reactions. For analysis of the MG192/p110 proximal region, we designed primers MG192A (5Ј-CACTAGCCAATACCTTCCTTGTCA AAGAGG-3Ј) and MG192B (5Ј-CCATAACTATTCAAG GGCGTAGCG-3Ј) ( Table 2) , based upon the published genome sequence of reference strain G37 (http://www.tigr.org). The amplified product (MG192AB) contained nucleotides 68 to 1532 of the coding region ( Table 2 ; Fig. 1 ). Amplification was performed with a Platinum Taq DNA polymerase highfidelity system (Invitrogen), as follows: 94°C for 3 min and 35 cycles of 94°C for 30 s, 58°C for 30 s, and 68°C for 90 s. The PCR products generated were electrophoresed in 1% agarose to ensure that only a single product of the expected size was amplified from both templates ( Fig. 2A) . The amplified regions were subjected to RFLP analysis, as follows: a set of restriction endonucleases (AluI, DdeI, HaeIII, HpaII, HphI, Table 2 for the primer sequences). **, actual positions of repetitive sequence elements mgp-r2, mgp-r4, and mgp-r7 (28) on the chromosome. nt, nucleotides. (Fig. 2B) . Based upon the published sequence of the G37 genome, we were able to predict the positions of divergent (Fig. 2C ). Both amplified products were cloned with TOPO (Invitrogen) and sequenced, which confirmed all restriction data and sequence differences detected between strain G37-and TW10-5-derived MG192AB regions (Fig. 2C ). For amplification of the p110 distal region (MG192CD; Fig. 1 , bottom), we designed primers MG192C (5Ј-CGCTACGCCCTT GAATAGTTATGG-3Ј) and MG192D (5Ј-TCACTGATCTCT TCACTCAGTAAGTGCC-3Ј) ( Table 2) , and the amplified product consisted of 1,651 bp of the p110-coding region and 184 bp of the adjacent downstream region. Amplification was performed under the same cycling conditions described earlier, and the amplified regions were subjected to restriction enzyme digestion (Fig. 3) . No RFLPs were observed between the two strains ( Fig. 3) , indicating a high degree of conservation of the p110 distal region.
Next, we evaluated a unique set of 54 early-passage M. genitalium clinical strains derived from genital tract specimens from women undergoing physical examination as part of an NIAID-sponsored, institutional review board-approved study of the San Antonio Sexually Transmitted Diseases Cooperative Research Center (2, 5) , along with strain UTMB-10B, which was isolated from synovial fluid ( Table 1) . Genomic DNAs were prepared and amplifications were performed as described above. The expected specific MG192AB products were amplified from all strains (Fig. 4, PCR panel) and subjected to restriction enzyme digestion. Within the set of strains originating from the female genital tract, we observed six distinct restriction pattern profiles (Fig. 4 , panels DdeI, MboI, and RsaI). A list of all divergent strains and a summary of the restriction profiles appear in Table 3 . Although similar restriction patterns were observed ( Fig. 4; for example, the DdeI patterns of strains 750V and 1016C and the MboI patterns of strains TW10-5 and 762V), many restriction patterns were distinct (for example, the RsaI patterns of strains 750V and 1016C and the MboI patterns of strains G37, TW10-5, 750V, 769C, 811C, 1016C, and 1019V), suggesting considerable heterogeneity in the locus MG192/p110 sequence. It is likely that additional sequence divergences will be detected with other restriction enzymes and newly derived clinical strains. On the other hand, the M. genitalium strain designated UTMB-10G, which we previously isolated from synovial fluid (Table 1) , exhibited no polymorphisms compared to the sequence of G37 (data not shown). Also, as suggested by our earlier analysis of the distal region of p110, restriction of amplified MG192CD regions for all strains (Table 2 ) revealed no RFLPs.
Currently, no method for the molecular typing of M. genitalium strains targets the p110 gene (19, 21, 22) . The available information suggests high degrees of phenotypic and genotypic heterogeneity among a limited number of clinical M. genitalium isolates (2, 19, 21, 22) . For example, partial sequences of the gene encoding the 140-kDa cytadhesin MgPa (locus MG191), which is characterized by sequence-related, incomplete repetitive elements located throughout the chromosome (9, 15, 27) , revealed sequence heterogeneity in clinical strains (19, 20) . In our search for a target for molecular typing of clinical M. genitalium strains, we selected the gene encoding cytadherence accessory protein P110 for several reasons. First, this protein is necessary for maintenance of tip-mediated cytadherence capabilities (12) and is one of the major immunodominant antigens detected in the sera of infected individuals (2, 39) . Second, sequence analysis revealed that incomplete repetitive elements of p110 regions were distributed throughout the M. genitalium genome (9, 15, 28) . Interestingly, only the 5Ј half (proximal region) of the gene shared homologies with these repetitive sequences. Homologous recombination of these regions that results in protein P110 sequence and antigenic variations could provide M. genitalium with survival advantages through immune evasion of the host and sequence-driven modifications of biological function. In contrast, the distal half of p110 exhibited no meaningful sequence homologies elsewhere in the chromosome.
Using specific primers and experimental conditions that yielded PCR products of the expected size for all M. genitalium strains tested, we confirmed our hypothesis that sequence divergences would be detected in the proximal region of p110. In   FIG. 3 . PCR-RFLP analysis of p110 distal regions in M. genitalium strains G37 and TW10-5. The specific product, MG192CD (Fig. 1, bottom) , was amplified from both strains. The restriction patterns obtained by using DdeI, HinfI, HpaII, HphI, MboI, MnlI, and RsaI were analyzed as described in the other words, 7 of 56 (12.5%) clinical strains tested exhibited RFLPs when their sequences were compared with that of the reference strain. We believe that these strain sequence variations are conserved, as suggested by the sequence stability of p110 over many passages in strains G37 and TW10-5 (Table 1; this is the focus of a separate study). It is possible that additional sequence divergences in both the proximal and the distal regions may exist, but they were not observed by use of our assay design. These data, combined with reported sequence variations of the cytadhesin P140-encoding gene (19, 20) , reinforce the hypothesis that sequence variations in M. genitalium are a result of homologous recombination. For our set of M. genitalium strains, one generalization is apparent: all demonstrated RFLPs occur in the proximal region when the sequence is cut with MboI and/or RsaI. This provides the basis for the analysis of additional clinical strains from other geographical areas. In this regard, it should be feasible to amplify the MG192/p110 proximal region by the use of patient samples without culture of M. genitalium, which remains an extremely rare event.
Furthermore, by combining RFLP analyses of p110 and p140 sequence divergences, it should be possible to improve strain classification and relate that information to M. genitalium epidemiological typing, pathogenic potential, and clinical manifestations. Also, such information should be useful in providing an understanding of bacterial population dynamics in vivo and enhancing patient treatment.
Nucleotide sequence accession number. The sequence obtained for strain TW10-5 was submitted to GenBank and can be found under accession number AY679761. ) were generated for all strains by using primers MG192A and MG192B ( Table 2 ). The remaining panels present the restriction patterns of the designated strains (Table 1 ) by using the enzymes DdeI (panel DdeI), MboI (panel MboI), and RsaI (panel RsaI). The products were analyzed as described in the Fig. 2 legend. The numbers on the left are in base pairs. 
